Two cyclometalated iridium(III) complexes, Ir(dpppz)(ppz)(ipx) and Ir(ppz) 2 (ipx) (dpppzH = 1-(2,6-dimethylphenoxy)-4-phenylphthalazine, ppzH = 4-phenylphthalazinone, ipx = isopropyl xanthate), have been synthesized and characterized by single-crystal X-ray diffraction. The photophysical properties of the two complexes were also investigated. Ir(dpppz)(ppz)(ipx) shows orange-red emission at around 606 nm with a phosphorescence quantum yield of ca. 0.0032 and an emission lifetime of 188 ns, while Ir(ppz) 2 (ipx) shows orange-red emission at around 599 nm with a phosphorescence quantum yield of ca. 0.00318 and an emission lifetime of 259 ns. The phosphorescence behavior of Ir(ppz) 2 (ipx) towards different metal cations has also be studied. Its strong phosphorescence is quenched by Hg 2+ , Cu 2+ and Ag + cations. The interaction ratio with Hg 2+ is 1:1.
Introduction
Recently, there is an increasing interest in the synthesis of cyclometalated Ir(III) complexes, which have found applications as phosphors in organic light emitting diodes (OLEDs) [1] , sensors [2] , and luminescent labels for biomolecules [3] . At the same time, sulfurcontaining ligands, such as dithiophosphates, dithiocarbamates and dithiocarbonates, have great binding potential to metals and have a wide range of uses in coordination chemistry [4] . These ligands are capable of stabilizing metal ions in unusual oxidation states. For example, [Ir(R 2 NCS 2 ) 3 ] can be oxidized reversibly to [Ir(R 2 NCS 2 ) 3 ] + [5] . Dithiocarbonates are well known as heavy metal chelating agents and most common collector agents in the flotation process for sulfide minerals [6] . Cyclometalated Ir(III) complexes with dithiophosphate and dithiocarbamate ligands have been previously synthesized and used as phosphors in OLEDs [7 -10] . However, cyclometalated Ir(III) dithiocarbonates have not been well explored.
We have been interested in novel cyclometalated iridium(III) complexes contaning xanthate ligands and to investigate their potential for heavy transition metal ion detection.
In the work presented here, two cyclometalated iridium(III) complexes, Ir(dpppz)(ppz)(ipx) and Ir(ppz) 2 (ipx) (dpppzH = 1-(2,6-dimethylphenoxy)-4-phenylphthalazine, ppzH = 4-phenylphthalazinone, ipx = isopropyl xanthate) have been synthesized and characterized. The phosphorescence behavior of Ir(ppz) 2 (ipx) towards different metal cations was also studied.
Experimental Section
General All solvents were purified by routine procedures and distilled under an atmosphere of dry nitrogen before use. All reagents, unless otherwise specified, were purchased from Aldrich and were used as received. UV/Vis absorption spectra were recorded on a Shimadzu UV-2501 PC spectrophotometer. ESI mass spectra were recorded on a Perkin Elmer Sciex API 365 spectrometer. NMR spectra were recorded on a Bruker AV400 spectrometer. Photoluminescence (PL) spectra were measured with a Shimadzu RF-5301PC fluorescence spectrophotometer. Luminescence lifetimes were determined on an Edinburgh FL920 time-correlated pulsed single-photon-counting instrument.
Synthesis of the Iridium(III) complexes Ir(dpppz)(ppz)(ipx) and Ir(ppz) 2 (ipx)
To a 25 mL round-bottomed flask, 2-ethoxyethanol (9 mL), 1-(2,6-dimethylphenoxy)-4-phenylphthalazine (dpppzH) (0.46 g, 1.40 mmol), IrCl 3 ·3H 2 O (0.20 g, 0.56 mmol), and water (3 mL) were added sequentially. The mixture was stirred overnight under nitrogen at 110 • C and cooled to room temperature. The precipitate was collected and washed with ethanol and acetone, and then dried in vacuo to give red cyclometallated Ir(III)-µ-chloro-bridged dimers (0.27 g) [11] . The Ir(III)-µ-chloro dimers (0.27 g) and potassium isopropyl xanthate (0.17 g, 1.00 mmol) were dissolved in the mixed solvent of CH 2 Cl 2 -CH 3 OH (15 : 15 mL). The resulting red solution was stirred for 4 h at room temperature. After the solution was washed three times with distilled water, the organic solution was evaporated to dryness and the residue purified by column chromatography using CH 2 Cl 2 -ethyl acetate (10 : 1, v:v). Ir(dpppz)(ppz)(ipx) was isolated with a yield (calculated with IrCl 3 ·3H 2 O as starting material) of 8 % (0.037 g) and Ir(ppz) 2 2+ and Mg 2+ ) were added, and the UV/Vis absorption and fluorescence spectra of the samples were recorded on a Shimadzu UV/Vis spectrophotometer and a Hitachi F-4600 fluorescence spectrophotometer at room temperature after 1 min.
Crystal structure determination
Single crystals of Ir(dpppz)(ppz)(ipx) and Ir(ppz) 2 (ipx) were obtained by repeated recrystallization using a mixture of CH 2 Cl 2 and hexane at room temperature, and then mounted on glass fibers. Diffraction data were collected on a Bruker SMART Apex CCD diffractometer with Mo K α radiation (λ = 0.71073Å) at 296 K using an ω scan mode. Crystallographic and experimental data of Ir(dpppz)(ppz)(ipx) and Ir(ppz) 2 (ipx) are listed in Table 1 .
CCDC 821427 and 821670 contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
Results and Discussion
The neutral cyclometalated iridium(III) complexes Ir(dpppz)(ppz)(ipx) and Ir(ppz) 2 (ipx) were readily prepared from the Ir(III)-µ-chloro-bridged dimers [11] and potassium isopropyl xanthate at room temperature (Fig. 1) . Both complexes were characterized by MS and NMR spectroscopy. In the 1 H NMR spectrum of Ir(dpppz)(ppz)(ipx), the six protons of the methyl groups on phenoxy appeared at 2.24 ppm, and the three phenoxy protons appeared at 6.47 and 6.72 ppm, while these peaks disappeared totally in Ir(ppz) 2 (ipx), which indicated a partly hydrolysis of the phenoxy group in Ir(dpppz)(ppz)(ipx) and an entirely hydrolyzation in Ir(ppz) 2 (ipx). Because Ir(dpppz)(ppz)(ipx) was the minor and Ir(ppz) 2 (ipx) was the main product, it could be deduced that most of the cyclometalated ligands hydrolyzed during the reflux reaction of the ligands and IrCl 3 ·3H 2 O [11] . Actually, if the 2,6-dimethylphenoxy group was replaced by a phenoxy group, no cyclometalated iridium(III) complex could be obtained, and the cyclometalated ligands underwent complete hydrolysis. The total integral of the 4-phenylphthalazine ligands in the lowfield range was consistent with a theoretical value of 16 H. The diastereotopic nature of the xanthate methyl groups has also been found in the NMR signal nonequivalence. The 1 H and 13 C NMR chemical shift differences of the methyl groups were found separately as 0.07 and 0.42 ppm for Ir(dpppz)(ppz)(ipx), 0.06 and 0.08 ppm for Ir(ppz) 2 (ipx), indicating that there are equal amounts of both enantiomers of two complexes.
The structures of Ir(dpppz)(ppz)(ipx) and Ir(ppz) 2 (ipx) have been further confirmed by Xray crystallography. As shown in Figs. 2 and 3 , both complexes have distorted octahedral coordination geometry around iridium by two cyclometalated ligands and one ipx ligand with cis-C-C and trans-N-N dispositions. The Ir-C bond lengths, ranging from Table 1 . Crystal data, data collection and structure refinement parameters for Ir(dpppz)(ppz)(ipx) and Ir(ppz) 2 (ipx).
1.994 to 2.023Å, are shorter than the Ir-N bonds spanning from 2.020 to 2.024Å. This result implies that there is a stronger trans influence of the phenyl over that of the phthalazine group [12] . The Ir-S bond lengths are ranging from 2.4731 to 2.4819Å. Ir(dpppz)(ppz)(ipx) (non-centrosymmetric space group) forms homochiral crystals, and in the batch there are equal amounts of crystals each consisting entirely of one enantiomer (R in the crystal examined). Ir(ppz) 2 (ipx) (centrosmmetric space group) has equal amounts of both R and S enantiomers in one single crystal. Furthermore, the C-C and C-N bond lengths and angles are within normal ranges and are in agreement with the corresponding parameters as described for similarly constituted complexes [13 -15] . The UV/Vis absorption spectrum of Ir(dpppz)(ppz)(ipx) in CH 2 Cl 2 (Fig. 4) is dominated by an intense absorption at ca. 250 -350 nm and a comparatively less intense band at ca. 350 -437 nm which tails off to ca. 440 -570 nm. The former is assigned to typical spin-allowed 1 π-π* transitions of the ligands, and the latter to LLCT and 1 MLCT transition. The band at 450 nm may be assigned to the formally spin-forbidden 3 MLCT transition. Compared to Ir(dpppz)(ppz)(ipx), the corresponding absorption bands of complex Ir(ppz) 2 (ipx) have an obvious blue-shift after the partial hydrolysis of the cyclometalated ligand, which is consistent with 
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Ir(dpppz)(ppz)(ipx) Ir(ppz) 2 (ipx) Fig. 4 (color online). UV/Vis absorption spectra of the iridium(III) complexes in CH 2 Cl 2 .
the reduction of the conjugated π system in the ligands. The room-temperature photoluminescence spectra of the complexes Ir(dpppz)(ppz)(ipx) and Ir(ppz) 2 (ipx) in CH 2 Cl 2 solution are illustrated in Fig. 5 . Ir(dpppz)(ppz)(ipx) emits an intense luminescence with the emission wavelength at 606 nm, while that of Ir(ppz) 2 (ipx) is blue-shifted to 599 nm, which is consistent with the UV/Vis absorption result. The excited state lifetime of Ir(dpppz)(ppz)(ipx) in CH 2 Cl 2 solution has been determined to be 188 ns and Intensity (a.u.)
Ir(dpppz)(ppz)(ipx) Ir(ppz) 2 (ipx) Fig. 5 (color online) . The room-temperature photoluminescence spectra of the complexes in CH 2 Cl 2 solution (λ ex = 420 nm).
that of Ir(ppz) 2 (ipx) 259 ns. Both are obviously shorter than that of [Ir(ppy) 3 ] (ppy = phenylpyridinato) (2.0 µs) [16] . The phosphorescence quantum efficiency of Ir(dpppz)(ppz)(ipx) in CH 2 Cl 2 is ca. 0.0032, and that of Ir(ppz) 2 (ipx) is 0.00318, using an aqueous solution of [Ru(bpy) 3 ]Cl 2 (Φ = 0.042) as the standard [17] . The presence of S atoms in these complexes is responsible for the weak luminescence intensity due to their heavy atom effects [18] . In order to explore the metal cation sensor potential of Ir(ppz) 2 (ipx), the UV/Vis absorption and phosphorescence behavior towards different transition metal cations have been investigated. Fig. 6(a) shows the effects of different metal cations (Hg 2+ , Ag + , Cu 2+ , Fe 2+ , Co 2+ , Ni 2+ , Zn 2+ , Mg 2+ , Cr 3+ , Pb 2+ and Cd 2+ ) on the UV/Vis absorption spectral properties of Ir(ppz) 2 (ipx). Hg 2+ has a pronounced effect on the spectra of Ir(ppz) 2 (ipx), with the less intense band at ca. 350 -437 nm having an obvious blue shift. Similar changes were also observed when Cu 2+ and Ag + were added, indicating strong complexation interactions between Ir(ppz) 2 (ipx) and the Hg 2+ , Ag + and Cu 2+ cations. The other metal ions had nearly no influence on the UV/Vis absorption spectra of Ir(ppz) 2 (ipx). In order to explore the quantitative interrelation of Ir(ppz) 2 (ipx) with Hg 2+ , the changes in the UV/Vis absorption spectra (Fig. 6(b) ) were investigated by titration experiments. Upon addition of Hg 2+ , the absorption bands of Ir(ppz) 2 (ipx) at 354 -458 nm gradually decreased, and a new band centered at 300 nm started to develop with two distinct isosbestic points at 354 and 458 nm, indicating strong ground state interactions between Ir(ppz) 2 (ipx) and Hg 2+ . The stoichiometry of Ir(ppz) 2 (ipx) is given by the variation of A 400 nm with respect to the equivalents of Hg 2+ added (Fig. 6(b) 2 equiv. of Hg 2+ were added, the luminescence intensity at 599 nm decreased to 3 %. Similar changes were also observed when Ag + and Cu 2+ were added, and the luminescence intensity decreased to 10 % and 35 %, respectively, indicating strong interactions. However, no obvious spectral variations were measured upon addition of other metal cations. The emission spectral change for the interaction of Ir(ppz) 2 (ipx) with Hg 2+ has also been studied. It can be seen from Fig. 7(b) that the emission decreases continuously up to ca. 1 equiv. of Hg 2+ . Addition of excess Hg 2+ to Ir(ppz) 2 (ipx) leads to only minor changes, suggesting a 1:1 ratio for the binding of Ir(ppz) 2 (ipx) to Hg 2+ , which is consistent with the UV/Vis absorption result. This phenomenon could be explained by the fact that Hg 2+ (soft acid) interacts preferentially with sulfur (soft base) according to Pearson's hard and soft acids and bases theory [19] . It is well known that many heavy transition metal ions are typical fluorescence quenchers due to their paramagnetic nature and the heavy atom effect [20] . In fact, during the addition precipitates were generated. A mechanistic study on this phenomenon is currently in progress.
In summary, we have synthesized two cyclometalated iridium(III) complexes with xanthate as ancillary ligand. The complex Ir(ppz) 2 (ipx) shows a strong interaction with Hg 2+ , Ag + and Cu 2+ cations, and the interaction ratio with Hg 2+ is 1:1. Thus, the present results have shown that a design of highly selective chemosensors for metal cations by adjusting the cyclometalated ligands and xanthate ancillary groups is promising.
